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FIBER OPTIC ROTARY JOINT AND METHOD THEREFOR 

FIELD OF THE INVENTION 
[0001] The present invention relates to optical coupling assemblies, 
5 and more particularly to a fiber optic rotary joint for coupling a non-rotating fiber 
optic or fiber optic bundle with a rotating fiber optic or fiber optic bundle. 

BACKGROUND OF THE INVENTION 
[0002] Fiber optic coupling devices are used in a wide variety of 
applications to couple an optical signal from one optical fiber, or optical fiber 
bundle, to another optical fiber or optical fiber bundle. Some such coupling 
assemblies convert the optical signal into an equivalent electrical signal and then 
back into an optical signal to achieve coupling between two optical fibers or two 
optical fiber bundles. Obviously, this adds complexity and cost to the coupling 
assembly. 

[0003] An especially challenging situation is where a fiber optic bundle 
is arranged around a non-rotating member, such as along a non-rotating shaft, 
and a second optical fiber bundle is arranged along a rotating shaft disposed 
longitudinally in line with the non-rotating shaft. In this instance, the area defined 
by each shaft cannot be used as optical paths or to house components used for 
this purpose. Thus, the optical coupling between the two fiber optic bundles must 
take place along the periphery of the two shafts, and further in a manner which 
does not inhibit rotation of one of the shafts relative to the other. 

25 SUMMARY OF THE INVENTION 

[0004] The present invention is directed to an optical coupler assembly 
which allows an optical coupling to be formed between a first optical fiber or 
optical fiber bundle disposed on the periphery of a first component, and a second 
optical fiber or optical fiber bundle disposed on the periphery of a second 

30 component. In one preferred embodiment a first annular member forming a collar 
is used to hold a first plurality of optical fibers in a circular, or at least partial 
circular, arrangement such that outermost ends of the first optical fibers are 
presented along a path generally parallel to a longitudinal axis of the first annular 



1 



Bo ing R f. 03-0944 (013613) 
HDP R f. 7784-000654 

member. A second annular member is used to hold a second plurality of optical 
fibers in a circular orientation or a partial circular orientation, and further such that 
outermost ends of the second optical fibers are presented along a path parallel to 
the longitudinal axis of the second annular member. In one preferred 
5 implementation the first and second annular members have a common diameter 
so that the outermost ends of each of the first optical fibers and each of the 
second optical fibers are facing one another when the first and second annular 
members are assembled to one another, but are not making physical contact. 

[0005] In one preferred implementation, the first annular member is 
10 fixedly coupled to a support structure so as to be non-movable. The second 
annular member, however, is supported along a rotationally moving structure. 
Optical input signals input into the first optical fibers and are transmitted to the 
outermost ends of the first optical fibers and are able to be coupled into the 
outermost ends of the second optical fibers as the second annular member 
1 5 rotates. Accordingly, no physical contact occurs between the first optical fibers 
and the second optical fibers. Furthermore, the present invention allows the 
optical coupling between the first and second groups of optical fibers to be 
accomplished without implementing any electrical components that require the 
optical signal from the first group of optical fibers to be converted from an optical 
20 to an electrical signal, and then back into an optical signal. 

[0006] The present invention has particular utility for those applications 
where a fiber optic coupling must be made between a non-rotating component 
and a rotating component, and particularly where each of the rotating and non- 
rotating components comprise a shaft that precludes the forming of an optical 
25 path within the area defined by the two shafts. 

[0007] While the present invention is particularly well adapted to be 
used to form an optical coupling between two fiber optical bundles, it will be 
appreciated that the invention could just as easily be used to form a coupling 
between a single optical fiber disposed adjacent a non-rotating component, and 
30 an optical fiber bundle or a single optical fiber disposed along a second rotating 
component. Still further, the invention could just as readily be used to form an 
optical coupling between two rotating components that rotate at different speeds 
or at different directions. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] The present invention will become more fully understood from 
5 the detailed description and the accompanying drawings, wherein: 

[0009] Figure 1 is a side view of a coupler apparatus in accordance 
with a preferred embodiment of the present invention; 

[0010] Figure 2 is an exploded perspective view of the various 
components of the coupler apparatus of Figure 1 ; 
10 [0011] Figure 3 is a plan view looking straight down on the fixed 

annular member to illustrate the circular arrangement in which the face portions 
of each optical fiber bundle are arranged; 

[0012] Figure 4 is an enlarged view of a portion of the fixed annular 
member of Figure 3 illustrating how the outermost ends of the optical fibers are 
15 compacted; 

[0013] Figure 5 is a cross sectional view taken in accordance with 
section line 5-5 in Figure 3 illustrating the construction of the non-movable 
annular member, which is also identical to that of the movable annular member; 

[0014] Figure 6 is a cross-sectional side view of the apparatus of Figure 
20 1, taken in accordance with section line 6-6 in Figure 1; and 

[0015] Figure 7 is a perspective view of an optical coupling member in 
accordance with an alternative preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 [0016] The following description of the preferred embodiment(s) is 

merely exemplary in nature and is in no way intended to limit the invention, its 
application, or uses. 

[0017] Referring to Figure 1, there is shown an optical coupler 
apparatus 10 in accordance with a preferred embodiment of the present 
30 invention. The optical coupler apparatus 10 is particularly useful for enabling an 
optical coupling to be made between a first, non-rotating component and a 
second, rotating component, where one or more optical fibers are arranged along 
a periphery of each of the components. The present invention eliminates the 
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need for converting optical signals into electrical signals at the coupling interface 
area, and then back into optical signals, before the coupling can be made. 

[0018] Referring further to Figure 1, the apparatus 10 generally 
includes a fixed annular coupling member 12 and a movable annular coupling 
5 member 14. The two annular coupling members 12 and 14 are arranged along a 
common longitudinal axis in facing relationship. In one implementation, the 
annular coupling members 12 and 14 have a common diameter. 

[0019] With further reference to Figure 1, each of the annular coupling 
members 12 and 14 supports a plurality of fiber optic bundles. In this example, 

10 annular coupling member 12 supports fiber optic bundles 16i - 16 n of a first fiber 
optic bundle assembly 16 which form an input optical fiber bundle assembly that 
receives optical signals from an external light source (not shown). The annular 
coupling member 14 similarly supports a second plurality of optical fiber bundles 
18i - 18 n that form a second fiber optic bundle assembly 18. Fiber optic bundle 

15 assembly 18 receives optical signals transmitted through optical fiber bundle 
assembly 16 and coupled into the optical fiber bundle 18, which are then passed 
to one or more external components. The optical coupling occurs at an interface 
area 20 without any physical contact between the two annular coupling members 
12 and 14. 

20 [0020] Referring now to Figure 2, the construction of the apparatus 10 

and its independent components can be seen in greater detail. Fixed annular 
coupling member 12 forms a donut-like shape and is supported on a bushing 
portion 22 of a mounting platform 24. The support platform 24 is secured to a 
support structure 26 via a plurality of suitable fasteners (not shown) that extend 

25 through holes 28 in the support platform 24 and holes 30 formed in the support 
structure 26. In this implementation a motor, preferably a stepper motor 32, 
having an output shaft 34 is disposed adjacent the support structure 26 such that 
the output shaft 34 projects through an opening 36 in the support structure 26 
and through the bushing portion 22 of the support platform 24. 

30 [0021] With further reference to Figure 2, the output shaft 34 of the 

motor 32 extends into a bore 38 of a cylindrical shaft coupler 40. Preferably, the 
output shaft 34 extends into the bore 38 of the shaft coupler 40 about one quarter 
to one half of the overall length of the shaft coupler 40. A set screw (not shown) 
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may be used to secure the output shaft 34 to the shaft coupler 40 so that the 
output shaft can drive the shaft coupler rotationally. Alternatively, the output shaft 
34 can simply be press fit into the bore 38. 

[0022] Disposed around the shaft coupler 40 is a seal 42. The seal is 
5 comprised of an elastomeric material and has an inner diameter that is preferably 
just slightly larger than the outer diameter of the circle formed by the outermost 
ends of the optical fibers of fiber bundle 16 and 18 at the interface area 20. The 
seal 42 thus forms a means for blocking out dirt or debris from entering between 
the mating faces of the annular coupling members 12 and 14. 

10 [0023] Referring further to Figures 2 and 6, annular coupling member 

14 receives a shaft 44 therethrough with a portion of the shaft being inserted 
within the bore 38 in the shaft coupler 40. End 46 of the shaft 44 is inserted into 
the shaft coupler 40 preferably about one quarter to one half of the total length of 
the shaft coupler and may be fixedly secured to the shaft coupler by a set screw 

15 or simply press fit into the bore 38. A hub 48 having a neck portion 50 with a 
bore 52 and an enlarged internal area 53 is press fit onto an upper end 54 of the 
shaft 44 or otherwise secured to the shaft with a set screw (not shown). 

[0024] Neck portion 50 receives a portion of the annular coupling 
member 14 in the enlarged internal area 53. The annular coupling member 14 is 

20 preferably secured via set screw (not shown) to the neck portion 50 and to the 
upper end 54 of the shaft coupler 40. As such, rotation of the output shaft 34 of 
the motor 32 causes a corresponding rotation of the shaft coupler 40, which in 
turn causes a corresponding rotation of the second annular coupling member 14 
and hub 48. Hub 48 helps to secure the first and second annular coupler 

25 members 12 and 14, respectively, closely adjacent one another. 

[0025] Referring further to Figures 1, 2 and 6, the arrangement 
described above places a face portion 12a of the first annular coupling member 
12 and a face portion 14a of the second annular coupling member 14 closely 
adjacent one another but while maintaining a very small distance between the 

30 two face portions. As seen in Figures 2 and 6, the face portions 12a and 14a 
have the same diameter and rotate about a common longitudinal axis. However, 
it will be appreciated that the invention is not so limited. For example, the 
invention could be used to couple optical signals from a first annular member 
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having a first diameter to a second annular member having a second diameter 
that differs from the first diameter, so long as the two annular members are 
arranged to have at least some degree of overlap. Alternatively, the present 
invention can be used to couple optical signals between two annular coupling 
5 members that are rotating in different directions. Essentially any arrangement 
where the optical fibers of one optical fiber bundle can be arranged in at least a 
partial circular arrangement, or a complete circular arrangement, and need to be 
optically coupled, without a physical mechanical connection, to the optical fibers 
of a second optical fiber bundle that is also arranged in at least a partial circular 

10 arrangement, is anticipated to fall within the scope of the present invention. 

[0026] Referring to Figures 3 and 4, the face portion 12a of the first 
annular coupling member 12 can be seen. Each of the optical fiber bundles 16<\ - 
16 n is arranged about a circular path. The diameter of each one of the optical 
bundles 16i - 16 n , and the total number of optical bundles 16i - 16 n arranged to 

15 form the face portion 12a principally determines the minimum required diameter 
of the face portion 12a. The arrangement of the second optical fiber bundle 
assembly 18 about the second annular coupling member 14 is essentially 
identical to that shown in Figures 3 and 4. 

[0027] Referring now to Figure 5, the construction of annular coupling 

20 member 12 can be seen in greater detail. It will be appreciated immediately that 
the construction of annular coupling member 14 is identical to that of coupling 
member 12, and will therefore not be described. Since coupling members 12 and 
14 are identical, this further simplifies the cost of the apparatus 10 as both 
coupling members 12 are interchangeable. 

25 [0028] The annular coupling member 12 includes a tubular portion 56 

having an outer surface 58. The optical fiber bundles 16i - 16 n are arranged 
circumferentially around the outer surface 58. An outer sleeve member 60 is 
secured around the individual optical fiber bundles 16i - 16 n so as to slightly 
compress and securely hold the fiber bundle 16i - 16 n in contact with one 

30 another, and also tightly to the outer surface 58 of the tubular member 56. In one 
preferred implementation the tubular sleeve 60 comprises a ferrule that is 
secured to the tubular member 56 by hot swaging. Briefly, hot swaging is a well 
known process by which one or more bundles of optical fibers can be secured in 
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a manner that reduces the interstitial area between the individual fibers in each 
bundle. This is accomplished by compressing the bundle in a heated condition. 
This is typically done by heating the bundle while the bundle is disposed within a 
swagable ferrule. The ferrule may comprise a stainless steel ferrule, a brass 
5 ferrule, an aluminum ferrule, etc. which captivates the fibers within an interior 
area of the swagable ferrule. Through the swaging forming process the ferrule is 
compressed, which in turn squeezes and compacts the portions of the individual 
optical fibers held within the interior area of the ferrule. This squeezing of the 
ferrule compacts and deforms the circular cross sectional shape of each optical 

10 fiber bundle 16<\ - 16 n into somewhat of a hexagonal shape. As a result, the 
interstitial area between individual optical fibers, as well as between adjacent 
optical fiber bundles 16i — 16 n , is reduced. This helps to create a more efficient 
coupling because the light that would usually be lost in the interstitial areas of 
each of bundle assemblies 16 and 18 can be coupled from one to the other. 

15 [0029] With further reference to Figure 5, a shoulder portion 62 is 

formed on the outer surface 58 of the tubular member 56 such that a gap 64 is 
formed between sleeve member 60 and shoulder portion 62. The gap 64 
enables outermost ends of each of the optical fiber bundles 16i - 16 n to be 
arranged around the outer surface 58 of the tubular member 56 during the 

20 manufacturing process. Alternatively, the shoulder portion 62 could comprise a 
second independent ferrule or sleeve-like component that is press fit or otherwise 
secured to the tubular member 56. 

[0030] Figure 5 also illustrates that a hole 66 is formed in the tubular 
member 56. Hole 66 may be threaded and used to enable a set screw or other 

25 like component to secure the tubular member 56 to the neck 22 of the bushing 
24. For annular coupling member 14, opening 66 is used to enable the annular 
coupling member 14 to be fixedly secured to a portion of the shaft coupler 40. 

[0031] A principal advantage of the present invention is that the annular 
construction of the annular coupling members 12 and 14 allow these components 

30 to be placed over an existing shaft and either secured to the shaft so as to enable 
rotation with the shaft, or alternatively secured to other surrounding structure to 
permit an annular coupling member 12 or 14 to be held fixedly. In either event, 
an optical coupling is made between the face portions 12a and 14a of the annular 
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coupling members 12 and 14 without the need to use the area that is occupied by 
the shaft itself. Additionally, the apparatus 10 is inherently more efficient than 
previous optical coupling assemblies which require an optical signal to be 
converted into an electrical signal, and then re-converted back into an optical 
5 signal, when being transmitted from a first fiber optic bundle to a second fiber 
optic bundle. 

[0032] The tubular member 56 is preferably made from a suitable metal 
such as brass, aluminum or steel, although it will be appreciated that other 
materials such as possibly plastic could also be used to form this component. 

10 The sleeve 62 is similarly formed preferably from brass, aluminum, steel or any 
other suitable material and may be secured by being press fit onto the tubular 
member 56, secured by an adhesive, a set screw, or any other suitable means. 

[0033] It will also be appreciated that while the annular coupling 
members 12 and 14 have been shown as circular components, that each of these 

15 components could be split in half (or three or more sub-portions) such that the 
two halves form the complete annular coupling member 12 or 14. This would 
allow each of the annular coupling members 12 and 14 to be retrofitted onto a 
shaft of an existing system component without the need to disassemble the 
existing component in order to integrate the coupler apparatus 10 thereon. 

20 [0034] With brief reference to Figure 6, an alternative preferred 

coupling member 70 is illustrated that embodies this feature. Annular coupling 
member 70 is formed from semi-circular coupling components 72 and 74 that are 
placed adjacent one another to form the optical coupler member 70. A slight 
spacing is illustrated between the two members 72 and 74 to better illustrate that 

25 these are formed as separate components. In practice, components 72 and 74 
are preferably placed in physical contact such that no gap exists therebetween, 
and are secured by adhesives or by any suitable hose-type clamp or other 
suitable securing means. 

[0035] The present invention thus forms a means for forming an optical 

30 coupling between two circumferential, optical coupling members disposed around 
one or more shaft members. The coupler apparatus 10 of the present invention 
enables an optical coupling to be made between two independent optical fiber 
bundles without any physical contact being made between the two fiber optic 
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bundles. Importantly, the coupler apparatus 10 of the present invention enables 
optical signals to be coupled from a first optical fiber bundle to a second optical 
fiber bundle that is moving rotationally relative to the first optical fiber bundle. It is 
anticipated that the system 10 of the present invention will find utility in a wide 
5 variety of applications, and particularly in rotorcraft applications where optical 
signals are being fed adjacent to a fixed component, to lights disposed on the 
blades of a rotorcraft. The present invention also eliminates various electrical 
components and related circuitry that would otherwise be required to couple the 
optical signal from one component to another component, where the two 

10 components are moving relative to one another. 

[0036] While various preferred embodiments have been described, 
those skilled in the art will recognize modifications or variations which might be 
made without departing from the inventive concept. The examples illustrate the 
invention and are not intended to limit it. Therefore, the description and claims 

15 should be interpreted liberally with only such limitation as is necessary in view of 
the pertinent prior art. 
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